A signifi cant proportion of the population has nasal septal deviation of varying degrees. Recent reports of such deviation occurring at younger ages suggest a congenital etiology. To the best of our knowledge, no previous clinical studies have compared the septal deviation of adult and pediatric populations with a uniform measure that focuses on the degree of deviation. We retrospectively analyzed computed tomography (CT) and magnetic resonance imaging (MRI) scans obtained from 81 patients who had undergone head and neck imaging for a variety of reasons. Th ese subjects were divided into four age groups: younger than 4 months; 4 months to less than 5 years; 5 to 15 years; and more than 15 years. We used a measure of tortuosity to examine and compare nasal septal deviation among the diff erent age groups. Th e tortuosity of the septum was measured at four precise points along the length of the septum on thin-section sinus CT and MRI. Tortuosity was defi ned as the ratio of the "actual" length of the septum to the "ideal" length of the septum, which was defi ned as the length of a straight line drawn from the superior to the inferior aspect of the septum. We found that subjects younger than 5 years of age exhibited signifi cantly less tortuosity (p ≤ 0.017459) than did the older children and the adults. Th erefore, we conclude that nasal septal deviation occurs at a higher frequency in older children and in adults when calculations of tortuosity are used as a measure. Our data may suggest that a noncongenital etiology is responsible for nasal septal deviation. However, given that the growth of the septum continues throughout childhood, our results do not preclude the possibility of a genetic predisposition to the later development of a deviated nasal septum.
Introduction
Numerous studies of nasal septal deviation have revealed a wide range of prevalence. [1] [2] [3] [4] [5] [6] In 1978, Gray reported a prevalence of 48 to 60% in neonates. 1 In subsequent reports, prevalence in newborns ranged from 0.93% 2 to 22%. 3 In older children, studies have shown a prevalence of 12.4% in children aged 2.5 to 6 years old 4 and 13.6% in 6-to 9-year-olds. 1, 5 In adults, a recent international study found a prevalence of approximately 90%. 6 Considering the wide variety of fi ndings, the true prevalence of nasal septal deviation is unknown.
Th e widely varying nature of these fi ndings can be explained in part by the fact that diff erent age groups have been studied and that several classifi cation systems have been used. Moreover, in many of these classifi cation systems, deviation is evaluated at only one specifi c point along the entire septum. However, since septal deviation can occur at any point from the naris to the choana, a classifi cation system based on only one part of the septum tends to underestimate the prevalence of deviation.
Although studies that have included both pediatric and adult populations have been reported, to the best of our knowledge no direct comparison of these populations based on a uniform measure of the degree of deviation has been previously reported. In this article, we describe our study, in which we used a standardized measure of tortuosity to compare the amounts of deviation among several diff erent age groups.
Patients and methods
We obtained thin-section sinus computed tomography (CT) and magnetic resonance imaging (MRI) scans from 
Discussion
Nasal septal deviation has been classifi ed and quantifi ed in several ways. Mladina et al classifi ed septal deformities on the basis of their vertical and/or horizontal orientation. 6 Cottle et al classifi ed them into four types: subluxation, large spur, caudal defl ection, and tension septum. 7 Guyuron et al used a six-category system: septal tilt, anteroposterior C-shape, cephalocaudal C-shape, anteroposterior S-shape, cephalocaudal S-shape, and wide spurs. 8 Buyukertan et al classifi ed them by separating the nasal septum into 10 segments to better localize the deformity. 9 Obviously, establishing a consensus on one standardized classifi cation system would be helpful in many ways. We used an absolute measure to produce a value that represents a degree of deviation. What distinguishes our method from the others is that it takes into account the natural curve of the septum. Our quantifi cation of tortuosity provides an indication of how much the septum deviates from the midline at each particular point measured. (It is important to note that our method cannot be used to draw conclusions regarding the airfl ow of the nose because it does not account for other nasal structures [e.g., the turbinates] or pathology [e.g., mucosal edema].)
In our study, the younger children generally had lower rates of tortuosity than did the older children and the adults (table) . We cannot draw any conclusions about the neonates (group 1) because only 3 subjects younger than 4 months were included in this study. In addition, none of the children with nasal septal deviation had been followed from birth, so we cannot determine if they had a nasal septal deviation at birth or if they acquired it later on. Possible explanations for the later acquisition of a nasal septal deviation include trauma and a genetic predisposition in which a nasal septal deviation forms during the growth and development of the facial skeleton. Studies have shown that the prevalence of certain types of nasal septal deviation (i.e., posterior defl ections) increases with age while the prevalence of others (i.e., anterior defl ections) decreases with age; these fi ndings are believed to have occurred as an eff ect of the growth of the nasomaxillary complex. 10, 11 Our data seem to suggest that there is not a congenital component to the etiology of nasal septal deviation. Indeed, it has been suggested by many authors that septal deformities in newborns are largely attributable to birth injury. As newborns are obligate nose breathers, nasal septal deviation can cause respiratory compromise. According to Kawalski and Spiewak, neonates born with 81 adult and pediatric patients who had been seen at our tertiary care referral center for all causes from Jan. 1 through Dec. 31, 2006. Th e ages of the patients ranged from 2 months to 80 years. Th e study population was divided into four age groups: younger than 4 months (n = 3); 4 months to less than 5 years (n = 31); 5 to 15 years (n = 27); and more than 15 years (n = 20).
Th e CT scans had been performed in a GE HiSpeed CT/I scanner (GE; New York City). Th e scanner yielded 2.5-to 3.0-mm axial, coronal, and sagittal studies of the septum and paranasal sinuses. MRI had been performed in a Siemens 3T scanner (Siemens AG; Malvern, Pa.). Scans that contained motion artifact and those that had been obtained from patients with a history of trauma were excluded; otherwise, patients' histories were not taken into account.
Th e CT and MRI images were imported into a Vitrea workstation (Vital Images; Minnetonka, Minn.). Th e images were measured with the ruler function. In the axial and sagittal views, images were centered on the midline. A point from anterior to posterior was chosen on the sagittal scan to serve as a reference point for the coronal measurements. Th e length of the septum was measured in the coronal plane from the cribriform plate superiorly to the hard palate inferiorly. Tortuosity was calculated by dividing the "actual" length of the septum by the "ideal" length, which was the length of a straight line from the starting point (superior aspect of the septum) to the ending point (inferior aspect of the septum). Septal deviation was measured at four diff erent points along the cartilaginous and bony septum. Th e actual length and the ideal length were each measured at the piriform aperture, at the choanae, at half the distance from the tip of the nose to the piriform aperture, and at half the distance from the piriform aperture to the choanae (fi gure). Th e point of maximum tortuosity was used in defi ning the degree of septal deviation in each patient.
Measurements were compared with the paired-samples Student t test and were expressed as mean values. A p value of less than 0.05 was accepted as statistically signifi cant.
Results
A total of 11 comparisons were made among various age groups. Statistically signifi cant diff erences were seen in three of these comparisons, all of which indicated that nasal septal deviation occurs at a higher frequency in older children and in adults when calculations of tortuosity are used as a measure (table). nasal septal deviation encounter respiratory issues when coincident mucosal edema leads to a total blockage of the nasal cavity. 3 Th is total nasal obstruction leads to choking and aspiration when feeding, and it has been reported as a possible cause of sudden infant death syndrome. Th erefore, close observation of neonates with nasal deviation is recommended.
Th e study by Kawalski and Spiewak involved 273 newborns; anterior septal deviation was found in 49 of 221 (22%) of those who were delivered spontaneously and in 2 of 52 (3.8%) of those who were delivered via cesarean section. 3 Th e frequency of posterior nasal septal deviation was the same in the two groups. Kawalski and Spiewak also reported that the anterior septum straightened spontaneously during the fi rst 3 days of life.
Podoshin et al analyzed the cases of 4,090 neonates who had been born without any evidence that birth trauma had been the cause of congenital nasal deformity. 2 Th ey proposed that most of these dislocations had occurred during intrauterine life. Th erefore, they suggested that the role of birth injury as an etiologic factor in nasal septal deformities in newborns is unclear.
Sooknundun et al reported a septal deviation prevalence of 15 to 25%. 12 Th ey concluded that uncorrected deviation results in more frequent infections and other problems, such as mouth breathing and feeding diffi culty. Th ey advocated early intervention (closed reduction) at birth. Aft er 5 years of follow-up, their patients were noted to have had a stable reduction. Th us, they concluded that the etiology of nasal septal deviation among children might indeed have a congenital component.
Th ere are several limitations to this study. First, our measurements were obtained from two diff erent radiologic modalities (CT and MRI). Second, the CTs and MRIs were obtained from subjects who were likely to have had some head and neck pathology. Th ird, these images were obtained from among a random group of radiologic scans, regardless of the possible nature of the subject's health status. Finally, our study population did not include an adequate number of neonates (n = 3).
In conclusion, our fi ndings suggest that nasal septal deviation is more common in older children and adults when its presence is defi ned on the basis of calculations of tortuosity. Our data may support a noncongenital etiology for nasal septal deviation. However, given that the growth of the septum continues throughout childhood, our results do not preclude the possibility of a genetic predisposition to the later development of a deviated nasal septum.
